ABSTRACT. This study aimed to provide additional anatomical information for axillary lymph node dissection (ALND) through in vivo anatomy studies of intercostobrachial nerve (ICBN) preservation in order to provide theoretical and practical experience for clinicians. A total of 156 patients with breast cancer underwent ALND at the Department of Gynecology of Baotou Tumor Hospital between June 2009 and March 2010. The origin, destination, main source, length, branch type, and direction of ICBN in axilla were observed, as well as its relationship with adjacent major blood vessels and nerves within the axilla. There were 120 cases of single trunk, 23 cases of double trunks, 9 cases of multiple trunks, and 4 cases without trunks in 156 patients with ICBN preservation. The transverse diameter at the origin of the ICBN was 1.89 ± 0.44 mm with a length of 94.45 ± 12.08 mm; the distances were 77.19 ± 21.04 mm, 29.34 ± 6.73 mm, 90.04 ± 13.13 mm, and 28.63 ± 13.01 mm from origin to the inferior margin at the midpoint of the clavicle, inferior margin of the axillary vein, the bottom of axilla, and branch point, respectively. The identification, dissection, and preservation of ICBN was simple and easy in a modified radical mastectomy for breast cancer and breast-conserving surgery, which only took 10-20 min, but effectively reduced the incidence of post-mastectomy pain syndrome and significantly improved the quality of life for patients after surgery.
INTRODUCTION
Breast cancer is one of the top three most common malignant tumors in females. Based on data collected by the World Health Organization (WHO), 1.4 million women suffered from breast cancer in 2006, and 0.4 million patients died of the cancer (Smigal et al., 2006) . In China, the mortality and morbidity of breast cancer has increased annually, and there is now 1 death every 12 min (Peng et al., 2013 ) and more than 40 in 100,000 women are diagnosed with breast cancer per year in some cities (Leidenius et al., 2003; Zhao et al., 2013) . Even worse, the morbidity of breast cancer has been increasing rapidly, by about 3 to 4% every year (Yan et al., 2013) . At the same time, the age of the breast cancer patients has become increasingly younger, and multiple researchers have found that the younger the patient is at the time of diagnoses, the poorer the prognosis for that patient (Benton et al., 2014) . Although an early diagnosis results in earlier treatment, the mortality of women diagnosed before the age of 45 was higher than for women diagnosed when older (González Jiménez et al., 2012) .
Early-stage breast cancer can be cured in more than 60% of patients (Lu and Labhasetwar, 2013) , and surgical treatment is still one of the most important interventions. Recently, due to increasing attention on the quality of life and research advances on the biological characteristics of breast cancer, breast cancer surgery has focused more on the recovery of the patients. Accordingly, the focus is not only to remove the tumor and metastatic lymph node, but also to protect the function of the surrounding tissues.
Modern breast cancer surgery has evolved from the traditional radical operations, extensive radical mastectomy, modified radical mastectomy (Patey-Dyson operation: the pectoralis minor muscle is resected and the pectoralis major muscle is preserved; Auchincloss operation: both the pectoralis minor muscle and the pectoralis major muscle are preserved), and breast-conserving surgery for early breast cancer, to now include radical mastectomy for early-stage breast cancer and stage I breast reconstruction. Breast-conserving surgery is well accepted in foreign countries, while modified radical mastectomy is the main surgical procedure in China. However, axillary lymph node dissection (ALND) is necessary in surgery for breast cancer, irrespective of the type of operation that is elected.
Resection or damage to the intercostobrachial nerve (ICBN) during ALND would limit the activities of the upper limbs of patients after surgery and causes post-mastectomy pain syndrome, such as pain, numbness, and sensory disturbances in the lateral thoracic wall, axilla, and arms, which occur in 18-50% of patients (McIntosh and Purushotham, 1998; Carpenter et al., 1999; Bergmann et al., 2012; Kodama et al., 2012; Taira et al., 2014) and seriously reduces the postoperative quality of life for patients with breast cancer. Therefore, an increasing number of surgeons have considered improvements to surgical procedures to protect the ICBN during ALND.
Our study cohort included 156 patients with breast cancer who had undergone ALND between June 2009 and March 2010, and the occurrence rate, composition, branch type, and main lines of ICBN were explored, as was the anatomical location of the adjacent blood vessels, nerves, and muscle tissue, in order to provide additional clinical applied anatomy data for ICBN preservation in ALND. 
MATERIAL AND METHODS

General clinical data
Surgical methods
Breast-conserving surgery (extensive tumor resection with ALND) was performed in 65 patients and modified radical mastectomy (Auchincloss operation: both the pectoralis minor muscle and pectoralis major muscle are preserved) was conducted in 91 patients.
Observational methods
A total of 156 patients with breast cancer underwent ALND. The main branch type, source composition, length, and direction of ICBN in axilla were observed and recorded, as was its relationship with important adjacent structures within the axilla.
The main lines of ICBN and the distances from the origin to important structures, such as the inferior margin at midpoint of the clavicle and the inferior margin of the axillary vein, were observed and recorded in 118 patients. We defined anatomical distances as the following: nerve length, distance from the origin to the destination; distance to the inferior margin at midpoint of the clavicle, distance from the origin to the inferior margin at the midpoint of the clavicle; distance to the inferior margin of the axillary vein, distance from the origin to the inferior margin of the axillary vein; distance to the bottom of axilla, distance from the origin to the bottom of axilla; and distance to the branch point, distance from the origin to the branch point.
Statistical analyses
All data were analyzed using the SPSS 13.0 software.
RESULTS
Occurrence rate of ICBN
Among 156 surgeries, there were 152 cases with ICBN and 4 cases without ICBN, representing 97.44 and 2.56% of our total cases, respectively.
Main ICBN and its branch types
Among 152 cases with ICBN, there were 120 cases of single trunk, 23 cases of double trunks, and 9 cases of multiple trunks ( 
Sources of ICBN
There were 2 cases of single trunk that originated from the first intercostal nerve, 118 cases that originated from the second intercostal nerve, 17 cases of double trunks that originated from the first and second intercostal nerves, 6 cases from the second and third intercostal nerves, and 9 cases of multiple trunks that originated from the first, second, and third intercostal nerves.
Direction and adjacent relationships of ICBN
All single trunks of ICBN that originated from the second intercostal nerve extended to the second intercostal muscles from the posteromedial side of the inferior margin of the pectoralis minor muscle. It almost vertically passed the long thoracic nerve, lateral thoracic artery, and the front of thoracodorsal nerve and vessel, and it approximately paralleled with the axillary vein, crossed the axillary loose connective tissue, passed through the front of latissimus dorsi, and was distributed in the skin at its adnexa of the inferior margin. All branches of ICBN originated from the lateral thoracodorsal nerve and vessel. A single trunk of the ICBN that originated from the first intercostal nerve in 2 cases was adjacent to the axillary sheaths and went along the back of the thoracodorsal vessel, thoracodorsal nerve, and long thoracic nerve. One branch of double trunks that originated from the first intercostal nerve in 3 cases passed along the front of thoracodorsal vessel, thoracodorsal nerve, long thoracic nerve, and lateral thoracic vessel; all of the others extended along the back of the thoracodorsal vessel, thoracodorsal nerve, long thoracic nerve, and lateral thoracic vessel. The orientation of multitrunk ICBN was complex, which crossed with the thoracodorsal vessel, thoracodorsal nerve, long thoracic nerve, and lateral thoracic vessel.
Distribution of ICBN
ICBN was found to be mainly distributed in the skin at the posteromedial side of arm and bottom of the axillary and lateral thoracic walls, but different types had distinct control scopes. Two cases of single trunk originated from the first intercostal nerve and 25 cases of single trunk without branches that originated from the second intercostal nerve and directly reached the medial arm; the thicker upper branch in the single trunk with branches was distributed at the medial arm and the bottom of the axillary, while the thinner lower branch spread at the lateral thoracic wall; the upper branch in double and multiple trunks was distributed at the bottom of the axillary and the medial arm, while the lower branch spread at the lateral thoracic wall and part was distributed at the medial arm and the bottom of the axillary. During surgery, ICBN was found to be linked with the medial brachial cutaneous nerve in 123 cases (80.92% of ICBN).
Measurement of ICBN
The ICBN was only measured in 118 patients due to the limitation of study objective conditions. In addition, only the part between the intercostal muscle and terminal branch that entered into the medial arm or subcutaneous axillary were measured to avoid unnecessary damage in patients, as shown in Table 2 . Measurement of intercostobrachial nerve (N = 118).
DISCUSSION
The lateral cutaneous branch of the second intercostal nerve divides into a thinner or absent anterior branch and a thicker posterior branch that is generally considered as the ICBN (Cunnick et al., 2001) . In some conditions, the ICBN combines with the lateral cutaneous branch of the first and/or intercostal nerve (Loukas et al., 2006) . Our study found that a single trunk of the ICBN that originated from the second intercostal nerve accounted for 75.6% (118/156) of cases, but in 21.8% of cases, the ICBN originated from the first intercostal nerve, the first and second intercostal nerves, the second and third intercostal nerves, or the first, second, and third intercostal nerves. Secondly, in 2.6% of cases, the ICBN was absent (4/156). We found that the percentage of the first intercostal nerve was 17.9% (28/156), which was similar to the report from Benton et al. (2014) that approximately 80% of the first intercostal nerve had no lateral cutaneous branch, but they also showed that the lateral cutaneous branch of 30% of the third intercostal nerve was involved in ICBN, which was different from the 9.6% (15/156) revealed in our research. This discrepancy might be associated with different subjects, anatomy, and observation methods and resolving this will require further investigation.
All single trunks of ICBN that originated from the second intercostal nerve extended to the second intercostal muscles from the posteromedial side of the inferior margin of the pectoralis minor muscle, almost vertically passed the long thoracic nerve, lateral thoracic artery, and the front of thoracodorsal nerve and vessel, approximately paralleled with axillary vein, crossed axillary loose connective tissue, passed through the front of latissimus dorsi, and was distributed in the skin at its adnexa of the inferior margin. All branches of ICBN originated from the lateral thoracodorsal nerve and vessel. A single trunk of ICBN that originated from the first intercostal nerve in 2 cases was adjacent to the axillary sheaths and went along the back of thoracodorsal vessel, thoracodorsal nerve, and long thoracic nerve. One branch of double trunks that originated from the first intercostal nerve in 3 cases passed along the front of the thoracodorsal vessel, thoracodorsal nerve, long thoracic nerve, and lateral thoracic vessel; all the others extended along the back of thoracodorsal vessel, thoracodorsal nerve, long thoracic nerve, and lateral thoracic vessel. The orientation of multi-trunk ICBN was complex, which crossed with the thoracodorsal vessel, thoracodorsal nerve, long thoracic nerve, and lateral thoracic vessel. This was basically consistent with the autopsy results reported previously (Torresan et al., 2003) .
In our research, 2 cases of single trunk that originated from the first intercostal nerve and 25 cases of single trunk without branches that originated from the second intercostal nerve directly reached the medial arm; the thicker upper branch in the single trunk with branches was distributed throughout the medial arm and the bottom of the axillary, while the thinner lower branch was spread at the lateral thoracic wall; the upper branch in double and multiple trunks was distributed at the bottom of the axillary and medial arm, while the lower branch was spread at the lateral thoracic wall and partially distributed at the medial arm and bottom of the axillary. These results were different from what Taira et al. (2014) reported, for whom almost all of the upper branch or trunk of the lateral cutaneous branch of the second intercostal nerve dominated the bottom of the axillary and medial arm. Resolving these differences will require further research. In addition, we found that 80.9% of medial brachial cutaneous nerves were linked with ICBN, which was similar to the 83.8% reported by Kasumi (2005) . Moreover, approximately all of the medial brachial cutaneous nerves were linked with the lateral cutaneous branch of the second intercostal nerve. Additionally, the diameters of the two nerves were negatively correlated, which demonstrated that they were complementary in morphology and function, and thereby formed a complete neural network to control skin and hypodermis of upper limb, lateral thoracic wall, and axilla.
Resection or damage to the ICBN in ALND limits the activities of the upper limbs of patients after surgery and causes post-mastectomy pain syndrome, such as pain, numbness, and sensory disturbance in the lateral thoracic wall, axilla, and arms; this occurs in 18-50% of patients and has been documented by many studies (Paredes et al., 1990; Wong, 2001; Freeman et al., 2003) to seriously influence the postoperative quality of life for patients with breast cancer. The pain is persistent in most cases and rarely resolves spontaneously or by conventional analgesia (McIntosh and Purushotham, 1998; Carpenter et al., 1999; Kodama et al., 2012) . Why does ICBN damage cause ICBN syndrome? Currently, it is known that the ICBN is cut-off and its stump develops neuroma. In 2001, Wong opened and explored the original surgical area in 5 breast cancer patients with postoperative pain and discovered intercostal neuromas in all of these patients who were relieved from pain after the intercostal neuromas were resected. Furthermore, ICBN syndrome is mainly responsible for the chronic discomfort in patients with breast cancer after surgery due to the poor efficacy of drugs for neuropathic pain (Carpenter et al., 1999) . Paredes et al. (1990) followed up patients with breast cancer for 3 years after surgery and found that ICBN preservation did not affect the long-term survival of patients. The patients in our study were followed up for 1 to 9 months and no local recurrences or metastases were observed, which was consistent with the literature. There were no distinct differences in surgical time, blood loss, or the number of removed lymph nodes between the ICBN preservation group and ICBN resection group, which is similar to what van Dam et al. (1993) reported.
In modified radical mastectomy, the inferior margin of the pectoralis minor muscle should be confirmed before the axillary lymph nodes are cleared up, followed by processing of the lateral thoracic wall. According to our research, ICBN pierced the thoracic wall at the deep side of the inferior margin of the pectoralis minor muscle that was 4-12 cm away from the inferior margin at the midpoint of the clavicle. Therefore, it was critical to search for and dissect the ICBN in this region, and the lateral thoracic wall could be handled audaciously out of this region. Kasumi (2005) found that 89.1% of sentinel lymph nodes were located 2 cm outside of the head end of ICBN and the exterior margin of the pectoralis minor muscle, and the ICBN could be exposed by dissecting downwards from the axillary artery and vein in a layer-by-layer manner. We thought that it was better to identify the ICBN from the lateral thoracic wall because the initiation site of the ICBN was relatively fixed and the nerve was thicker; however, the ICBN had various sources, trunks, and branch types and, thus, exposure of the ICBN from the origin could reduce damage to the ICBN trunk and branches to the maximum extent. Therefore, it was possible to injure the ICBN during dissection of the lateral pectoral nerve and vessel and resection of the axillary lymph nodes, which should be noted by clinicians.
In breast-conserving surgery, the skin incision for axillary lymph node resection was different from that of breast resection and enlargement of the surgical field, which facilitated the processing of the lateral thoracic wall. Therefore, the long skin incision at axilla was made from the exterior margin of the pectoralis major muscle to the anterior margin of the latissimus dorsi, where the subcutaneous tissue was completely separated and the axillary fascia was totally exposed. The exterior margin of the pectoralis major muscle was exposed downwards as far as possible before further procession of the lateral thoracic wall. Then, the ICBN was carefully identified and dissected according to a previously described method.
After the ICBN was dissected from the lateral thoracic wall, towel and rat forceps were utilized to lift and discreetly isolate the ICBN along the nerve until the entire trunk was exposed. When the ICBN was close to the inferior margin of latissimus dorsi, a retractor was used to pull it to the head side and clear downwards from the edge of the axillary vein. During this procedure, a traction belt could not be pulled strongly and the electrotome could be close to the nerve. In addition, ICBN entered the arm from different positions, thus it was better to confirm the direction of the ICBN when clearing the lateral axillary lymph nodes. Moreover, ICBN entered the arm in a fan shape in some cases, which required careful isolation so as not to waste the previous efforts.
The lateral cutaneous branch of the second intercostal nerve was the main source of the ICBN, accounting for 75.6% (118/156) of cases. There were 2.6% of patients without an ICBN (4/156).
According to the main trunk and branches, ICBNs could be divided into single trunk without branches, single trunk with two branches, single trunk with multi-branches, or double trunks with two branches and multiple trunks.
The identification, dissection, and preservation of ICBN was simple and easy in modified radical mastectomy for breast cancer and breast-conserving surgery, which only took 10-20 min, but effectively reduced the incidence of post-mastectomy pain syndrome and significantly improved the quality of life for patients after surgery.
